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ABSTRACT 

Located at the galactic anticenter, Sh 2-284 is a Hn region which harbors several young 
open clusters; Dolidze 25, a rare metal poor (Z~0.004) young cluster, is one of these. 
Given its association with Sh 2-284, it is reasonable to assume the low metallicity for 
the whole Hn region. Sh 2-284 is expected to host a significant population of Pre-Main 
Sequence (PMS) stars of both low and intermediate mass stars (Herbig Ae stars). We 
aim at characterizing these stars by means of a spectroscopic and photometric survey 
conducted with VIMOS@VLT and complemented with additional optical and infrared 
observations. In this survey we selected and characterized 23 PMS objects. We derived 
the effective temperature, the spectral energy distribution and luminosity of these 
objects; using theoretical PMS evolutionary tracks, with the appropriate metallicity, 
we estimated the mass and the age of the studied objects. We also estimated a distance 
of 4 Kpc for Sh 2-284 by using spectroscopic parallax of 3 OB stars. From the age 
determination we concluded that triggered star formation is in act in this region. Our 
results show that a significant fraction of the young stellar objects (YSOs) may have 
preserved their disk/envelopes, in contrast with what is found in other recent studies 
of low-mctallicity star forming regions in the Galaxy. Finally, among the 23 bona fide 
PMS stars, we identified 8 stars which are good candidates to pulsators of the S Scuti 
type. 

Key words: stars: pre-main sequence, stars: formation, open clusters and associa- 
tions: individual: Sh 2-284, stars: variables: T Tauri, Herbig Ae/Be . 



1 INTRODUCTION 



Dolid ze 25 is a young (age « 6 Myr; iTurbide fc M offat 
1 19931 ) open cluster associated with the Hn region Sh 2- 
284 (jSharp lcss 1959) located in the galactic anticenter. On 



* Based on observations carried out at the European Southern 
Observatory (Paranal, Chile) under programme No. 074.C-0111. 
and partly at the Anglo-Australian Telescope in program 07B/040 
and 08B/003. 

f E-mail:fcusano@na. astro. it 



the basis of h i gh-res olution spectroscopy of three OB stars, 
iLennon et all (|l990T) estimated that Dolidze 25 is deficient 
in metals by a factor of about 6 with respect to the S u n. Th is 
result was confirmed later by iFitzsimmons et "all (|l992l ). 
Dolidze 25 hence represents a very rare case of galactic low- 
metallicity young cluster. The association of Dolidze 25 to 
Sh 2-284, leads to the conclusion that the Hn region and 
the star for ming sites in Sh 2-284 are characterized by a low 
metallicity. iDelgado et al.l l|2010l ) proposed the presence of 
two populations of stars in Dolidze 25. One composed by 
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young stars of 3-4 Myr and the other one by older stars 
with an avera ge age of 40 Myr. The average cluster redden- 
ing derived bv lDelgado et all l|201Cft is E(B-V)=0.78, which 
is in good a greement with t he va lue E(B-V)=0.81 ± 0.11 
estimated bv lMoffat fc Vogtl || 1975ft . 

It is well known th at a great part o f YSOs (ClassI 
and ClassII objects; see lLada et al.l |l987) show infrared 
excess, which is interpreted in terms of the presence 
of a circumstellar disk/envelope. Infrared colour-colour 
(CC) and colour-magnitude (CM) diagrams are good 
diagnostic tools for t he investigation of ci rcumstellar 
matter around YSOs ( Hartman n et al. | 120051 ; lLada et al.l 
l200fj ; lHarvev et al.ll2007l; lAlcala et al.ll2008l . and references 
therein). Recently, iPuga et al.l l|2009l . hereafter P09 ) car- 
ried out an infrared photometric survey of the star form- 
ing regi on in Sh 2-284, using the Infrared Array Camera 
fIRA C;lFazio et alj|2004ft on board the Spitzer Space Tele- 
scope (| Werner et alj|2004 ). Based on the [3.6]-[4.5] vs. [5.8]- 
[8.0] diagram P09 selected 338 candidates to infrared-excess 
YSOs. They classified 155 and 183 as Class I and Class II 
IR sources, respectively and studied their spatial distribu- 
tion. They found that the YSO candidates concentrate in 
several aggregates, one of which is projected on the field 
of Dolidze 25. They conclude that triggered star formation 
may be at work in the region. Both the works by P09 and 
Delgado et al., do provide a photometric characterization 
of the sources, but no spectroscopic information on the low 
and intermediate mass YSOs in Sh 2-284 and members of 
Dolidze 25 is available. 

In this paper we present the results of a photomet- 
ric and spectroscopic follow-up of Sh 2- 284 using VI- 
MOS (Visual & Multi-Object Spectrograph, iLeFevre et~aH 
l2003h at VLT. We aim at characterizing low and inter- 
mediate mass PMS stars of the region to study star for- 
mation in such low-metallicity environment. Our interest 
is also focused on the identification of intermediate-mass 
(1.5M w < M<4Mp) PM S stars falling in the <5-Scuti instabil- 
ity strip <|Bregerll 19721 ). Since about ten years it is known 
that such stars, during their contraction towards the main 
sequence, c ross the instability strip fo r more evolved 8- 
Scuti stars jBreger fc Pamvatnvkh]|l998ft . These PMS stars 
are t hus subjected to stellar pulsation fsee lMarconi fc Pallal 
1998). Therefore, their asteroseismological properties allow 
to put constraints on the PMS physical parameters such as 
luminosity, mass and effective temperature, as well as on 
the internal structure, which is different from that of more 
evolved stars of the same mass. Good examples of known 
PMS 5 Scuti st ars are the spectro scopic binar y system RS 
Cham aeleontis dBohm et al.ll2009ft. V 351 Ori jRipepi et all 
12003ft and IP Per (jRipepi et al.ll2006ft . However, the astero- 
seismological study of some of the S Scuti PMS found here 
is still in progress and is deferred to another paper (Ripepi 
et al. 2010, in preparation). 

The paper is organized as follows. In Sect. 2 we present 
our observations and describe the data reduction. In Sect. 3 
we discuss the results: the determination of physical param- 
eters together with the selection of bona-fide PMS and their 
infrared properties. In the same section we give an estimate 
of the distance of the Sh 2-284 region by using spectroscopic 
parallax performed on early-type stars. Finally, discussions 
and conclusions are presented in the Sect. 4 and 5. 



2 OBSERVATIONS AND DATA REDUCTION 

Both photometry and spectroscopy were obtained in ser- 
vice mode with VIMOS at the UT3 of the VLT complex at 
Paranal (Chile). In the field of Sh 2-284 we obtained pho- 
tometric data on the 7th October 2005 in the R and / fil- 
ters, for a total of 16 images. The spectroscopic data were 
acquired the 4th February 2006 and consist of about 1500 
spectra at low and medium resolution. In the following sub- 
sections we describe the details of the observations and the 
data reduction. 



2.1 Photometry 

The VIMOS imager is composed by a mosaic of 4 CCDs 
with gaps of about 2 arcmin for a total field of view (FOV) 
of 18 x 16 . In order to image approximately 30' x 30', which 
cover most of the central part of Sh 2-284 Hn region, we 
performed 2 pairs of R and I frames with pointings shifted 
by about 6 arcmin between one pair and the other. Equal 
exposures of 60s were performed in both filters. 

The images were processed following standard tech- 
niques (bias subtraction and flat-field correction) using the 
irafQ package. The fringing in the /-band images was cor- 
rected by adopting a well-suited fringing map kindly pro- 
vi ded to us by E . Held and S. Berta and following the recipe 
by lAlcala etall l|2002ft . The images were then astrometri- 
cally calibrated using the standard IRAF procedures and 
the USNO-A2.0 as reference catalogue. The resulting astro- 
metric accuracy is of the order of 0.35 arc-sec RMS. 

PSF photometry was performed with the 
Daophotll/Allstar packages (|Stetsonl Il987i . I1992T ). The 
photometric calibration was executed b y using the standard 
fields L98 and L110 (jLandolj 1 1992! ). For this purpose 
we used the extended list of standards provided by P.B. 
StetsorJ3, which are sufficiently large in number of stars 
to include a significant number of objects (>100) in each 
CCD, allowing the determination of a colour equation in- 
dependently for all the chips. As a result of this procedure, 
we obtained four linear and four quadratic calibration 
equations in the R and I bands, respectively. The typical 
error of the transformations is of the order of 0.01-0.02 mag. 
We then applied these transformations to the instrumental 
magnitudes of the objects extracted from our scientific 
images, and derived the magnitudes in the standard 
Jonhson-Cousins system. 

Our photometric catalog was complemented with mea- 
surements in other bands from literature. We used: 1) BV 
photometry of the same field prov ided by the COROT EXO- 
DAT group (|Meunier et al.ll2009ft : 2) the JHK photometry 
from th e 2-Micron All-S ky Survey (2MASS) point-source 
catalog |Cutri et alj|2003 ); 3) the mid-infrared Spitzer pho- 
tometry at 3.6, 4.5, 5.8, and 8 /jm, obtained under the pro- 
gram 3340 (P09). As result, we end up with a photometric 
catalogue with a large wavelength coverage, from the optical 
to the mid-infrared, which is crucial to investigate the PMS 



1 IRAF is distributed by the National Optical Astronomical Ob- 
servatories, which are operated by the Association of Universities 
for Research in Astronomy, Inc., under cooperative agreement 
with the National Science Foundation 

2 http:/ /cadcwww.dao.nrc.ca/standards/ 
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Figure 1. The MR spectra of three PMS stars in Sh 2-284 are shown in the left panels. The right panels show the HR spectra of 
other PMS stars in the region. The later cover the spectral region between 6500 and 6750 A, where the Ha emission and the lithium 
absorption lines can be seen. Emission lines due to stellar wind ([OI]) and accretion process (Ha) are well detected in the spectrum of 
J06443294+0010528. 



nature of our sources in terms of infrared excess in their 
spectral energy distribution. 

2.2 Spectroscopy 

The multi-slit spectroscopy was acquired using the Medium 
Resolution (MR), High Resolution (HR) Red and the HR 
Orange0 grisms. The wavelength coverage and resolution 
corresponding to these grisms are: 4800-10000 A with 2.5 
A/pix, 6500-8750 A with 0.6 A/pix and 5150-7600 A with 
0.6 A/pix for MR, HR red and HR orange grisms, respec- 
tively. Note, however, that the spectral coverage for each 
object depends on the position of the corresponding slit rel- 
ative to the center of the VIMOS quadrants. In each CCD 
we were able to observe around 40 and 30 objects simulta- 
neously with the MR and HR grisms, respectively. In total, 
we obtained 912 spectra with the MR red and 594 spectra 
with the HR Red and Orange grisms. The exposure time 
was 900 s for the MR grism with an average S/N ~40-50, 
whereas for the HR grism the exposure time was 2000 s with 
an average S/N ~20-30. 

The bias subtraction, flat field correction, sky subtrac- 
tion, wavelength calibration of the spectra were performed 
using the ESO VIMOS automatic pipeline. Subsequent ex- 
traction of the spectra was executed using the IRAF routine 
apall. As a test of the goodness of the data reduction per- 
formed using the pipeline, we also processed a few spectra 
by hand using the standard IRAF routines. The comparison 
of the results showed that the automatic pipeline provides 
scientifically useful spectra. Unfortunately, the spectral re- 
gion with A > 7000A of the low-resolution spectra is useless 
due to strong fringing. Some examples of spectra are shown 
in Fig. EQ 

3 The Orange grism was used in quadrant 4 due to the lack of a 
HR red grism for this CCD 



Finally, we calibrated all the spectra in relative flux. 
To this aim flux standard stars were observed during the 
same nights as the scientific frames. The standard stars were 
reduced using IRAF standard routines. A response function 
was derived for each of the four VIMOS quadrants. 

Due to constraints on the software used to prepare 
the VIMOS masks (VIMOS Mask Preparation Software, 
VMMPS) , it was not possible to configure slits on many in- 
teresting candidates selected from optical colour-magnitude 
diagrams, preventing the observation of high-priority tar- 
gets. However, it was possible to automatically assign slits 
to other objects in the field of the cluster. 

Additional low-resolution spectroscopy of three OB 
stars was performed in January 2008 with the AAOmega 
multi-object facility mounted at the AAT-3.9m telescope of 
the Anglo- Australian Ob servatory. Two out of these three 
stars were investigated bv lLennon et al.l (|l990T l and are indi- 
cated in this paper as star number 15 and 22. These obser- 
vations are part of a large spectroscopic follow-up program 
devoted to the study of the stellar population in the CoRoT 
fields and will be described in detail in a forthcoming pa- 
per (Gandolfi et al., in preparation). The 580V and 385R 
low-resolution gratings were used for the blue and red arm 
of the spectrograph, respectively, yielding a spectral cover- 
age of about 3700 A (3730 — 7430 A ) with a mean resolving 
power of R » 1300. 



3 RESULTS 

The spectroscopy in this work represents a step forward with 
respect to the previous photometric studies of Sh 2-284. 
Thus, we discuss first the spectroscopic results and then use 
them to further investigate the photometric properties, from 
mid-IR to optical, of the YSO candidates in the region. 
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3.1 Spectroscopically identified PMS stars 

The main criteria used for the selection of PMS stars are 
the presence of Ha emission plus near and mid IR excess of 
emission relative to normal stars of the same spectral type. 
Both processes trace the presence of circumstellar material 
around YSOs. The Ha emission on one side, indicates ac- 
cretion from the circumstellar disk towards the star. The in- 
frared excess comes indeed from the thermal disk emission. 
To detect young stars, an additional criterion is the pres- 
ence in the spectra of the Lil (A6708A) absorption line, for 
stars with spectral type later than about G5. The Lithium, 
in fact, is efficiently burned in the first million years of PMS 
stellar evolution. 

3.1.1 Ha emission 

First, an inspection of all the available spectra was per- 
formed searching for Ha emission-line stars. This inspection 
led to the identification of 35 emission-line objects, which 
are reported in Table [5] and [3] together with the photomet- 
ric measurements. The equivalent width of the Ha line was 
then measured using 1RAF. Such measurements, reported 
in Table U and [S] were performed by Gaussian fitting, defin- 
ing the continuum by fitting a low order spline to selected 
spectral regions in both sides of the Ha line. The errors 
in such measurements come mainly from the uncertainty 
in the continuum definition when selecting the regions near 
the line. Since the Ha criterion alone cannot discriminate 
between PMS stars and field emission-line stars, we used ad- 
ditional criteria based on the available IR photometry (see 
Section [33]) . 

3.1.2 Spectral types 

The spectral typing was performed on the Ha emitting-stars 
by using calibrations in the literature between equivalent 
width of some spectral lines versus spectral type as follows: i) 
the b lend between Ca I and Fe I at 5270A l|Hernandez et all 
12004 ) and ii) the Na I line at 5892 A (only for spectral 
type later than KO lTripicchio et al.lll997T ). As a check of the 
spectral type determinations we have also performed a \ 2 
minimization of a grid of spectral templates on the available 
spectra of the PMS candidates. This pro cedure is similar to 
the one described in lFrasca et al.l (2003). The derived spec- 
tral types are reported in Tab. [4] and [5] together with the 
equivalent width of the Cal+Fel blend and the Nal line. The 
average uncertainty on spectral classification is estimated to 
be of one and two subclasses for high and low S/N spectra, 
respectively. The spectral type was used to derive the indi- 
vidual reddening and spectral energy distribution (SED) of 
the PMS stars (See Section HO]). 

3.1.3 Lithium absorption 

The presence of Lil (A6708A) absorption feature in the spec- 
trum of late-type stars, can be used as an additional check 
for the PMS nature of the stars. In the low-resolution spec- 
tra the line is blended with neutral iron lines. Thus, the line 
should be sought in the available VIMOS high-resolution 
spectra. Among the stars selected above, only 10 have high- 
resolution VIMOS spectra, but only five have sufficient S/N 



to detect the Lil line. We unambiguously detect the line in 
all of them. Examples are shown in Fig. [1] adding support 
to our selection criteria. 

3.1.4 Vetted PMS stars 

On the basis of the above arguments 23 bona-fide 
PMS objects were identified. One of these, namely 
■106450075+00 1 3356. was rejected as PMS star by 
iDelgado etafl l|2010f) . but our medium resolution spectrum 
(R~ 2500) shows strong Ha emission and lithium absort- 
pion (see Table [4j. In addition, its SED shows infrared ex- 
cess (See section 13.31 and Figure . The 23 PMS stars are 
listed in Table H 

Other two objects that show Ha emission, namely 
J06453567+0018473 and J06451118+0011402, match fairly 
well the age of PMS stars in the field of Dolidze 25 when as- 
suming the distance of 4.0 Kpc (see Section 3.1.5). However, 
since we lack their medium resolution spectrum, we cannot 
confirm or reject their PMS nature based on the Li absorp- 
tion line. We thus refer to these two objects as potential 
PMS stars. 

The remaining 10 Ha emission line objects correspond 
to active field K and M-type stars, unrelated to the star 
forming region, but we also provide their coordinates and 
photometry in Table [3] and the spectral types in Table [5] . 

11 of the 23 PMS stars coincide with YSO candidates 
by P09, which means that their selection missed about half 
of the PMS stars. However, in order to be able to apply the 
selection criterion adopted by P09, it is necessary that the 
sources are detected in all four IRAC bands. Note that 6 
of the PMS stars were not detected in at least one IRAC 
band, while other 6 have mid-IR colours typical of Class III 
sources. The latter is further discussed in Section f3. 21 

3.1.5 On the distance of Sh 2-284 

There has been controversy o n the heliocen t ric di stance 
determinations of Sh 2 -284. iLennon et al.l |l990) and 
Turbide fe Moffat I (I1993T) g i ve an estimate of ~6 Kpc. 
Russeil. Adami fe Georgelinl (I2007T ) determined a distance 
of 6.03 ± 1.16Kpc. They claim that Sh 2-284 belongs to 
a broader complex at 7.89 ± 0.27Kpc, which also inclu des 
the Hn regions Sh 2-283, 285 and 286 (|Sharplesdll959T ). A 
spectrophotometric dist ance of 5.2 ± 0.8Kpc for Sh 2-28 4 
was also determined by lAvedisova fe Kondratenkcl (I1984T ) . 
However, all these studie s did not account fo r the low- 
metallicity. More recently, iDelgado et al.l (|2010T ) estimated 
a distance of 3.6 Kpc by using low-metallicity isochronal 
fitting on UBV CM diagrams of Dolidze 25, but they 
claim that the distance could be as high as 4 Kpc when 
considering sistematic effects on metallicity determina- 
tions. In order to further investigate the distance of the 
Sh 2-284 region, we performed a detailed analysis of three 
early-type stars in the field of Dolidze 25. These stars are 
2MASSJ06450217+0013294, 2MASSJ06451043+0011164, 
and 2MASSJ06441748+0020315. The first two stars are 
also id entified as star number 15 and 22 bv lMoffat fe Vogtl 
(1975), respectively. The spectral type and luminosity 
class of the target stars were derived by fitting the 
AAOmega spectra with a suitable grid of observed stel- 
lar templates (see example Figure [2}, as described in 
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Figure 2. Left: AAOmega spectrum of J06450217+0013294 (thin black line). The best fitting 09 IV template is over-plotted with a 
thick red line. The spectra were normalised to the flux at 4050 A. Righ: SEP of J 06450217+0013294. The red filled dots mark the 
dereddened optical and near-infrared fluxes. The model spectum from [Kuruc j l ll979h . with the same effective temperature as the star, 
is over-plotted with a light blue thin line. 



Table 1. Physical paramet ers of the stars used t o determine the distance of Sh 2-284. The fifth column reports the observed V-magnitude 
taken from the EXO-DAT dMeunier et al.ll2009h . 



id (2MASS) id 1 a (J2000) <5 (J2000) V SpT T cff M v A v R v d* 

[mag] [K] [mag] [mag] [pc] 



J06450217+0013294 15 06 45 02.18 00 13 29.5 11.66 09IV 33000 -4.9± 0.2 2.92 ± 0.03 3.30±0.05 4060 ± 500 
J06451043+0011164 22 06 45 10.44 00 11 16.4 12.07 B1IV 25 000 -3.9 ± 0.2 2.27 ±0.08 3.20 ±0.20 4172 ± 500 
J06441748±0020315 06 44 17.49 00 20 31.5 11.93 BOelV 31000 -4.4±0.2 2.60±0.10 3.60±0.20 4197 ± 500 



1 from lMoffat fc Vogtl jl975l) 

*: distance estimated by adding 0.6 mag to My as a correction due to low-metallicity. 



iFrasca et all (|2003T ) and iGandolfi et all \200$ ). The ef- 
fective temperature (T e fi) and absolute magnitude (My) 
of each star was assi gned using tabul a ted s cales from 
the compilation of IStraizvs fc Kurilienei jl981). A good 
agreement was found between the adopted Mv values 
and the absolute magnit udes derived using t h e emp irical 
H 7 -M v calibration from iMillward fc Walker! (|l985h . We 
constructed the spectral energy distribution (SED) of 
the target stars (Figure [2| by merging the EXO -DAT 



BVr'i' broad-band photo metry dMeunier et al.l 



the U-magnitudes from iMoffat fc Vogtl Jl975) and the 



2009) with 



JHKs near-infrared photometry from the 2MASS cata- 
logue. Following the two-parameter method described in 
IGandolfi et all (2008), we derived the interstellar extinction 
(Ay) and the total-to-selective extinction Rv=Ay/Ee-v 
by fitting simultaneously the observed colors encompassed 
by the SED with synthetic colors computed using Kurucz 
1979's atmosphere models with the same spectral type 
and luminosity class as the stars. The low-metallicity is 
taken into account by applying a correction to the absolute 
magnitude, appropriate for the metallicity of the region. 
Such correction, on the or der of 0.6 mag, was determ ined 
using the relationship by IVandenberg fc Poll l|l989h and 
adopting [Fe/H]=-0.55. We checked that this correction 



is valid for the range of intrinsic colors of t he three stars 
by us ing the isochronal tools described by iMarigo et al.l 
(2008). Finally, the individual distance to the stars was 
estimated using the metallicity-corrected My and Ay val- 
ues, as well as the observed EXO-DAT V-magnitude. The 
derived physical parameters of the target stars are listed 
in Table [1] The estimated average distance of 4 Kpc, is in 
agreem ent with the upper value claimed by iDelgado et al.l 
(|2010l ). Such distance places Dolidze 25 at a galactocentric 
distance of 12 Kpc. These values of galactocentric distance 
and metallicity are also consistent with the relationship 
between metallicity versus galacto c entric distance for open 
clusters observed by ISestito et alj (|200ST > . Thus, we adopt 
a heliocentric distance of 4 Kpc for subsequent analysis in 
this paper. 



3.2 Photometric properties 

3.2.1 Mid-IR colour-magnitude and colour-colour 
diagrams 

The classification of the sources as Class I and Class II YSOs 
by P09 was based solely on the [3.6]- [4.5] vs. [5.8]- [8.0] di- 
agram, but other combinations of colours and magnitudes 
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can be used to check the selection and classification, by also 
incorporating the near-IR 2MASS data. The two upper pan- 
els of Fig. show the Spitzer CM diagrams of all the sources 
detected in Sh 2-284, while the lower panels show the near- 
mid IR CC diagrams of those sources with 2MASS data. 
Most of the YSO c andidates selected by P 09 satisfy the 
"cores-to-disk" fc2d; lEvans et alj 12003 . 12009 ') criterion for 
the s election of YSO ca ndidates based on IRAC-only data 
(e.g. iPorras et al1l2007l ). but some might be extragalactic 
contaminants, in particular several Class I candidates that 
fall below the inclined dashed line in the [8.0] vs. [4.5]- [8.0] 
CM diagram. The Class I and Class II sources are well dis- 
tinguished in the Spitzer CM diagrams, while most of the 
spectroscopically identified PMS stars have typical colours 
of Class II and Class III sources. In particular, six of the lat- 
ter can be well distinguished in the [4.5] vs. [3.6]- [4.5] CM 
diagram, typically at [3.6]-[4.5] colours below 0.4 mag. Note 
also that the potential PMS stars have colours of Class III 
sources. These two objects remained undetected at 8 micron. 

Not all the the sources detected by Spitzer in the Sh2- 
284 region were also detected by the 2MASS. The objects 
matching the two catalogues are plotted in the CC diagrams 
shown in the low panel of Fig. [3] The stars with normal pho- 
tospheric colours, all basically at zero, are well distinguished 
from the YSOs, but as noted above several of the spectro- 
scopically identified PMS stars posses normal photospheric 
colours. These objects represent part of the diskless PMS 
population of Sh 2-284. 



3.2.2 Near-IR colour-colour diagram 

Near IR colours are useful to select objects with optically 
thick disks, typical of Classical T Tauri stars. Fig. [4] shows 
near-IR CC diagrams for the PMS stars and for all the IRAC 
sources that posses 2MASS J, H, and K measurements. 
Most of the Class I and Class II YSO candidates by P09, 
overplotted on the left panel of Fig. 2] have near-IR colours 
consistent with reddened YSOs, but several are scattered 
towards bluer (J — H) colours and fall below the locus fo r 
classical T Tauri stars (|Mever. Calvet fc Hillenbrandli"997r i . 
in a region consistent with colours of Herbig Ae stars. Like- 
wise, many of the PMS stars have colours consistent with 
those of classical T Tauri stars, but several lie below that 
locu s as well. 

IHernandez et all (|2005h proposed a criterion to identify 
candidates to Herbig AeBe stars on the intrinsic near-IR 
CC diagram. Such diagram for the PMS stars in Sh 2-284 
is shown in the right panel of Fig. 2] The field Ha emis- 
sion stars are also plotted for comparison. The figure also 
shows the approximate loc us corresponding to inte rmediate- 
mass PMS stars (see e.g. IHernandez et al1l2005l V The in- 
trinsic colours were derived using the spectral types (see 
Section 13.31). Seven P MS stars satisfy the criterion by 
iHernandezet all |2005h . 

Finally, we notice that a few YSO candidates by P09 
have near-IR colours sim ilar to those of giants. Recent works 
(e.g. lOliveira et alJl^OOTf ) have pointed out the possible con- 
tamination by giants among the samples of IRAC-selected 
YSO candidates. 



3.2.3 Optical colour-magnitude diagrams 

The R and I bands are less affected by the continuum 
dust emission from the YSO disk. Corrected by interstel- 
lar extinction, these bands are suitable to prove the con- 
tinuum stellar photospheric contribution. Therefore, optical 
colour-magnitude diagrams can be used to trace the stellar 
sequence of the different aggregates in Sh 2-284. The VI- 
MOS observations cover and area of ~ 900 square-arcmin 
that include four of the aggregates studied by P09, namely 
Dolidze 25, C12, RN and RW. From our optical catalog we 
extracted sources on these regions, with approximately the 
same projected sky area (~ 40 arcmin 2 ) as analysed by 
P09. Fig. [5] shows the observed 7 vs. R — I diagrams for 
each one of the four regions. The diagrams show also the 
1, 2 a nd 20Myr isochrone s with metallicity Z=0.004 (solid 
line, iTognelli et al.ll2010h . The spectroscopically selected 
PMS stars and the YSO candidates by P09 in these regions 
are also overplotted with the same symbols as in Fig. [3] 

The average extinction, derived from the spectral type 
of the PMS stars (See Section 13. 3[) . is approximately the 
same in the four regions. The 1, 2 and 20Myr isochrones 
shown in Fig. [5] were reddened by such average value of 
Av ~ 2.6 mag. The magnitudes of the isochrones were also 
corrected by the distance modulus of Sh 2-284 (13.0 mag). 

Most of the PMS stars and YSO candidates are consis- 
tent with ages of the order of 1-2 Myr, but some are scattered 
towards younger or older ages. In particular, the PMS stars 
and YSO candidates are more scattered in the diagrams of 
RN and C12 regions than in the diagrams of Dolidze 25 and 
RW. This may indicate that the objects in Dolidze 25 and 
RW are younger than those in RN and C12, in agreement 
with the findings by P09. They concluded that the YSO 
candidates projected on Dolidze 25 are younger, in relative 
terms, than those in the other aggregates. This result is fur- 
ther discussed in Section [3. 51 

3.2.4 IR colours versus Ha emission 

Previous works (|Hartmann et alj 1 19981 ; lLada et all 120061 ) 
shown that stars with strong Ha emission in Taurus and 
IC 348 tend to possess large (K — L) excess. The relationship 
between IR colours and Ha equivalent width, EWh , for the 
PMS stars in Sh 2-284 is shown in Figure O Most have IR 
colours above the minimum for PMS stars with optically 
thick disks (i.e. K - [4.5] >0.5 and [3.6] - [4.5] >o!3 mag 
respec tively) according to the models by iRobitaille et alj 
(2006). Most of these objects, likely having optically thick 
disks, also possess EWh above the approximate limit for 
accretion (i.e. 10 A). On the other hand, most objects with 
no prominent Ha emission have small IR colours. Thus, con- 
sistently with the results of previous works, the IR colour 
index of the PMS stars in Sh 2-284 can be also used as di- 
agnostic for accretion. However, the colour indices can be 
used as overall indicators, but cannot replace detailed mea- 
surements of accretion for individual objects. 

3.3 Spectral Energy Distributions 

The characterization of the PMS stars and their circum- 
stella r matter is perfor med also through the analysis of the 
SED l|Lada et al.ll2006T ). In order to derive the de-reddened 
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Figure 3. IR colour-magnitude and colour-colour diagrams of the sources detected with Spitzer in Sh 2-284 (gray dots). The Class I and 
Class II YSOs selected by P09 are colour-coded as in the labels. The PMS st ars spectroscopica l ly det ected in this work (See Section 3.1) 
arc overplotted as red triangles. The criterion adopted b y the c2d survey l lEvans et al.|[20o3 . l2009f) for the selection of candidates to 
YSOs, based on IRAC-only data (e.g. IPorras et al.ll2007i ). is represented with the dashed lines in the [8. 0] vs. [4.51- [8.01 CM d iagram. 
The slope of the dashed line in the 2MASS-Spitzer CC diagrams corresponds to the colour-excess ratio bv lFlaherty et"aL | d2007h . 



SEDs it is necessary to use all the available information from 
the multi-band photometry and spectroscopy. The following 
steps were adopted to determine the SEDs: 

• from the spectral types the effective temperature T e fr 
and the intrinsic colour (V-I) o of the stars were der i ved b y 
using the conversion tables of iKenvon fc Hartmannl (jl995). 

• the reddening E(V — 7) and the absorption in the 
V band, A„, were derived comparing the observed V — I 



colour, with (V-I)q. and assuming Ay/E(V — I) — 1.92 
(|Cardelli et all 11989 ). The R - I color was used where the 
V magnitude was not available. Similarly, the absorption in 
the other bands was calculated. The values of the effective 
temperature and the visual extinction for each object are 
reported in Table |4] 

• the magnitudes in all bands were de-reddened and con- 
ve rted into flux es using the fluxes at zero magnitude given 
bv lBessell l| 19791 ). 
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Figure 4. Near-IR colour-colour diagrams. Left: observed diagram for the identified PMS stars and IRAC sources (grey dots) in Sh 2- 
284 with J, H, and K measurements. The Class I and Class II YSO candidates by P09 are overplotted. Right: extinction corrected 
diagram of the PMS stars and He* emission field stars. Colours were de-reddened using the extinction values repo rted in the Table|4]and 
assuming a normal extinction law. The rectangle represents the loci of Herbig Ae/Be stars [|Hernand cz et al. 2 005t ). In both diagrams the 
dashed curve represents the colours of Main Sequence stars, while the dashed-dotted line indicates the locus of classical T Tauri stars 
<|Mever. Calvet fc Hillenbrandll997l ) . The reddening vector is also indicated. 



The dereddened SEDs were derived for 30 of the 35 
objects with spectroscopy and Ha in emission; the other five 
objects lack enough photometric measurements. Since we do 
not have U-band photometry, an intrinsic U magnitude was 
derived from the de-reddened B magnitude and the intrinsic 
(U — B)o colour of the corresponding spectral type. 

To further investigate excess emission in the infrared, 
and thus the presence of a circumstellar disk and/or of an 
envelope, we compared the derived SEDs with those of nor- 
mal photospheres of the same spectral type. This is shown 
in Fig. [7] for the PMS stars only, where the black dots and 
dotted lines represent the SEDs of the object investigated 
and of normal photospheres, respectively; the error bars were 
computed taking into account an error of one spectral sub- 
class. Note that the target and standard star fluxes were nor- 
malized at 7?-band flux. An inspection of the figures clearly 
reveals the stars with IR excess. 



3.4 Luminosities 

The total luminosity for each object was computed in two 
ways as follows. First, by integrating the de-reddened SEDs, 
using a cubic-spline fit to the observed XF\ vs log A dis- 
tribution assuming isotropic radiation and the distance of 
4.0 Kpc. The integration of the SEDs was carried out in the 
interval from As to X en d, the terminal wavelength (Ax, A_t 
or Am , depending on the available IR photometric data). In 
order to determine the contribution of the flux downward of 
A e „d, we extrapolated the de-reddened flux d istribution wit h 
a black-body tail, following the method by ICohen~l l|l975t ). 



The typical errors in log Li nt were estimated to be less than 
about 0.06 dex. Second, the V magnitude corrected for inter- 
stellar extinction was used to obtain the bolometric luminos- 
ity (Lbc), by adopting a bolometric correction appropriate 
to a main-seque nce star of the same s p ectra l type. The re- 
lations given by iKenvon fc Hartmannl (|l995l ) were used to 
compute the bolometric corrections. 

The difference between the luminosity derived from the 
integration of the SED and that determined from bolomet- 
ric corrections can be attributed to the excess luminosity of 
the circumstellar disk. For a flat, optically-thick disk, which 
merely repr ocesses light from the star, the Ldi s k/L at ar ratio 
is 0.25 (e.g. lAllers et al.l l2006). Such value is consistent with 
the results of recen t Spitzer investigations of nearby sta r 
forming regions (e.g. lHarvev et al.ll2007l ; lAlcala et al.ll200&t ). 
The distribution of the disk-to-star luminosity for the PMS 
stars identified in this work is displayed in Fig[S] The his- 
togram peaks at around log (Ldiak/Lstar) = —0.35, i.e. at a 
disk luminosity which is about half the stellar luminosity 
and a factor of about 2 higher than what found in previous 
studies of nearby star forming regions. Since the cluster is 
about an order of magnitude more distant than the nearby 
star forming regions, this result reflects the fact that our 
spectroscopic survey revealed the most luminous disks in 
the Sh 2-284 complex. A detailed study of the disk parame- 
ters around the PMS stars in this region is beyond the scope 
of the paper, and is deferred to a future work. 

The luminosity, log Lbc, derived by adopting a bolo- 
metric correction should be the best approximation to the 
photospheric stellar luminosity. In the absence of IR excess 
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Figure 5. / vs. R — I diagrams of four regions in Sh 2-284, each covering approximately the same area of ~ 40arcmin 2 in the sky. The 
regions correspond t o RN, C12, Dolidze 25, and RW, as de signated by P09. The 1,2 and 20Myr isochrones, with metallicity Z=0.004 by 
iTognelli et~afl j201(t) , are represented with solid lines. The lTognelli et al. (2010) isochrones were computed for masses in the range 0.2-7 
Mq. Both isochrones were reddened by the average value A v =2.6 mag and shifted by the distance modulus 13.0 mag. 



logLac should be consistent with logLi nt . We have con- 
firmed that for the objects without significant IR excess 
log Li n t — log Lbc < 0.04 dex, which is well within the mean 
error estimated for log Li nt . We thus use the luminosities de- 
rived by adopting a bolometric correction for the subsequent 
analysis. Such values are reported in Table [4] 



3.5 Masses and ages 

Using the derived effective temperatures and bolometric lu- 
minosities it is possible to estimate the masses and ages of 
the PMS stars by comparison with PMS evolutionary tracks 
and isochrones on the HR diagram. To this a im we adopted 
the ev olutionary tracks and isochrones by iTognell i et alj 
(2010) which are computed for the right metallicity of the 
Sh 2-284 star forming region and that include up-to-date 
input physics. 
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Figure 7. Spectral energy distribution of PMS stars in Sh 2-284. The dots represent the dercddencd flux at each band. The dashed lines 
represent the SED of normal photospheres of the same spectral type as the object. The blue open squares represent the flux in the U 
band, calculated from the B magnitude as explained in the text. On the bottom right the SED for the two potential PMS are plotted. 
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Figure 6. IR colours versus the strength of the Ha emission of 
the PMS stars in Sh 2-284 . The upper panel shows the K - [4.5] 
colour v.s. EWffd plot, while the lower one the [3.6] — [4.5] colour 
v.s. EWjfo plot. The horizontal lines in each pa nel represent the 
minim um limit for IR-excess objects according to Robitaillc ct al. 
l|2006h . i.e. if -[4.5] >0.5 and [3.6] -[4.5] >0.3 mag, for the upper 
and lower panels respectively. 



The HR diagram for the PMS stars in Sh 2-284 is shown 
in Fig. [9] where the Z=0.004 tracks and isochrones are over- 
plotted. The derived masses and ages are reported in Ta- 
ble [4] Here, the error in mass is half the separation between 
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Figure 8. Distribution of the disk-to-photospheric luminosity ra- 
tio of PMS stars in Sh 2-284. 

two consecutive evolutionary tracks. The error on the age 
determination is half the separation between two consecu- 
tive isochrones. 

The mass of the confirmed PMS stars identified in this 
work ranges from 0.7 to 2.6 Mq, while the age from 1.5 to 
13 Myr. The lower limit for the mass is imposed by the lim- 
iting magnitude of our spectroscopic survey, but should the 
potential PMS candidates be confirmed, this limit would 
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Figure 9. HR diagram of the PMS stars in Sh 2-284. The position 
of the two potential PMS stars is also shown in the diagram. 
The PMS evol utionary tracks, ranging from 0.2 Mq to 4 Mq 
dTognelli et al.ll201Ch . were computed for the appropriate cluster 
metallicity Z=0.004. The 1 Myr isochrones is represented with the 
continuous thick line, while the 2, 4, 6, 10 and 15 Myr isochrones 
are plotted as dashed lines. The instability strip is also indicated 
with the two thick, almost vertical, black lines. 



drop to about 0.3 Mq. The age-spread may be explained in 
terms of different star formation episodes, most likely re- 
lated to triggered star formation in the region (P09). Inter- 
estingly, most of the PMS stars very well tracing the 2 Myr 
isochrone (represented by solid lines in Fig. O, lie on the 
field of Dolidze 25. Noteworthy, the position on the HR dia- 
gram of the two potential PMS stars (see Section fe-ip match 
quite precisely the 2 Myr isochrone. One of these -the Mi- 
type star- lies also on the field of Dolidze 25, while the other 
one -the K7-type star- is located to the north of the clus- 
ter, in region RN by P09. Table U summarizes the spatial 
distribution of the PMS in the Sh 2-284 region. 

All this shows that the PMS stars in the field of 
Dolidze 25 have an average age of ~ 1-2 Myr with a very 
small dispersion, and are indeed younger than the PMS stars 
in the other aggregates of Sh 2-284, as previously inferred 
by the optical CM diagrams of Fig. [5] and in agreement with 
the results by P09, based on the relative number of Class I- 
to-Class II sources in the different regions. 

3.6 Candidates to PMS 5-Scuti pulsators 

The PMS 5-Scuti candidates were selected based on the posi- 
ton of the PMS stars relative to the instability strip. To thi s 
aim, we overplot the strip bv lBreger fc Pamvatnvkhl (|l998T ) 
on the HR diagram (c.f. Fig. [5]). Eight stars fall, whitin the 
errors, in the instability strip. These objects are flagged in 
Ta ble Four of them sa tisfy the Herbig AeBe criterium 
bv lHernandez et al.l (|2005l ) in the near-IR colour-colour di- 
agram. These candidates will be the subject of a follow- 



up study by means of time-series photometry to confirm 
wether or not they are indeed pulsating stars and in that 
case, to derive their pulsational properties (frequencies of 
oscillations). These data can be compared with the predic- 
tions of non-radial pulsational models by using asteroseismi- 
cal techniques to estimate independently stellar fundamen- 
tal parameters such as luminosity, effective temperature and 
mass, as well as the distance of the host star forming region. 



4 DISCUSSION 

4.1 Structure and triggered star formation 

The Hn in Sh 2-284, with a radius of about 13.5 pc, is pow- 
ered by the high-mass star population in Dolidze 25 (pre- 
sumably the oldest cluster in the region) and in particular 
by the 09 type star. P09 define the boundaries of this Hn re- 
gion as "bubble Bl". The other two clusters detected with 
IRAC/SPITZER on the boundaries of Bl, namely C12 to 
the north-west of Dolidze 25 and and C13 to the south-east, 
power the two compact Hn regions B2 and B3 with radii 
of about 1.5 pc and 2.7 pc, respectively. Other rimmed and 
cometary clouds in the inner regions of Bl have been clearly 
detected in the IRAC/SPITZER images containing a num- 
ber of YSO candidates; in particular, the "tail" of RW ap- 
parently points away from Dolidze 25 and contains a number 
of Class I sources. Such hierarchical structure and the spa- 
tial distribution of the different IR-class YSO candidates, 
indicate that star formation has occurred in the different 
places of the Hn region over a few Myr. 

As demonstrated in this work, Sh 2-284 is not only a 
site of high-mass star formation, but its population also com- 
prises very young intermediate and low-mass stars, similarly 
as in other star forming complexes in which triggered star 
formation is in act, like in the Orion OB association. 

Spectroscopic surveys in the optical are generally bi- 
ased towards the detection of Class II and Class III sources 
rather than to Class I sources. The photometric properties 
of the Class I and Class II YSO candidates drawn from 
the IRAC/Spitzer observations are very similar to those of 
the spectroscopically confirmed PMS stars. Therefore, al- 
though there may be some extragalactic contaminants spe- 
cially among the Class I sources, we can safely conclude that 
the sample of YSO candidates represents well the popula- 
tion of young stellar objects in Sh 2-284 and can be used to 
trace the star formation in the region. 

As concluded from the optical colour-magnitude dia- 
grams, different aggregates seem to trace different star for- 
mation episodes. In fact, from the relative numbers of Class I 
to Class II objects, P09 determined that the YSOs projected 
on the field of Dolidze 25 are younger than those projected 
on the other aggregates in C12 and C13. Despite our low- 
number statistics, the PMS stars projected on the field of 
Dolidze 25 appear sharply coeval both, on the HR diagram 
and in the optical colour-magnitude diagram. More impor- 
tantly, such stars are also significantly younger than the 
stars in the other aggregates, in line with the P09 conclu- 
sions. Noteworthy, the IRAC YSO candidates on the field of 
Dolidze 25 also show a very low dispersion along the 2 Myr 
isochrone on the I vs. R — I diagram (see Figure [SJ. These 
facts seem to support indeed the idea of a possible alignment 
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of very young stars in the line of sight, which are located 
on the near-side of t he Bl shell, as suggested by P09 and 
iDelgado et al.l |2010T ). In addition, the high relative number 
of Class I sources (158) with respect to Class II sources (188) 
in Sh 2-284, points towards a non-continuous star formation 
in the region. We thus conclude that star formation on the 
Bl shell was most likely triggered by the impact of the mas- 
sive stars of Dolidze 25, leading first to the formation of the 
stars in clusters C12 and C13 and then to the stars on the 
near-side of Bl. The size of the two compact Hn regions B2 
and B3, and the age-spread of the PMS stars in the other 
aggregates suggests that the C12 and C13 formed some 2 Myr 
bef ore the younges t PMS stars appeared on the birth-line. 

IDelgado et all (|201Ch predict two populations of differ- 
ent age in Dolidze 25, one ~4Myr old and the other with an 
average age of 40 Myr, but the presence of the 09-type star 
in Dolidze 25, implies that the cluster should be younger 
than ~20Myr. With some assumptions on the recombina- 
tion coefficient, isothermal sound speed and electronic den- 
sity P09 estimated dynamical ages of < 3.8Myr and < 
1.8 Myr for the Hll regions Bl and B2, respectively. Con- 
sidering an age of ~5Myr for Dolidze 25 and by compar- 
ison with the youngest dynamical estimate, an age-spread 
of the order of 3 to 4 Myr would be expected for the re- 
gion. However, the low-metallicity of the region may influ- 
ence the recombination coefficient, isothermal sound speed 
and electronic density, with an important impact on deter- 
minations of the dynamical ages. The age-spread derived 
from our HR diagram is < 10 Myr. In addition, although our 
number statistic is low, we do not find strong evidence of a 
low-mass star population as old as 40Myr. 

In summary, the first generation of stars in the Sh 2-284 
region was formed in a cluster some 10 Myr ago. The strong 
UV radiation and winds of the massive stars swept up the 
interstellar matter surrounding the cluster, triggering the 
formation of the stars associated with Dolidze 25. Then, the 
massive stars of the latter excited the HII region Sh2-284 
which in turn prompted the formation of other structures, 
such as the C12 and C13 clusters. 

Then the youngest generation of stars and rimmed 
clouds, with their young clusters and aggregates that we see 
today in the IRAC/Spitzer images, were formed about 2 Myr 
ago. Many Class I and Class II YSOs in the region should 
belong to this latter generation, but many older YSOs of pre- 
vious generations may have preserve their disks/envelopes. 

4.2 Survival of disks/envelopes 

Metallicity may play an important role on circumstellar 
disk/envelope evolution. In a recent study of the young 
(age~lMyr) s tellar populations in low-metallicity regions 
of the galaxy, lYasui eta l. (2009) find that the disk frac- 
tion is significantly lower than in star forming regions of 
solar-metallicity. They suggest that the low-metallicity may 
induce an increase of the mass accretion rate and/or a very 
efficient photo-evaporation of the circumstellar matter, both 
processes leading to a very rapid disk dispersal. As a con- 
sequence most stars forming in a low-metallicity environ- 
ment should experience the disk dispersal at an earlier stage 
(<lMyr) than those forming in a solar metallicity environ- 
ment (~5-6Myr). Other studies of candida tes to low-mass 
PMS stars in the LMC (jSpezzi et alj|2010h also suggest a 



higher mass accretion-rate, by up to an order of magnitude, 
in comparison with the values derived for their Galactic 
counterparts. 

Because of the low-metallicity environment in Sh 2- 
284, a low fraction of disks/envelope systems among the 
oldest YSOs is expected. Yet, the large number of Class I 
and Class II YSO candidates detected in Sh 2-284 and the 
age spread of more than 4 Myr indicate that a significant 
fraction of YSOs may have preserved their circumstellar 
disks/envelope, unless they represent the youngest gener- 
ation. Indeed, the YSO candidates were selected based on 
their red IRAC colours and the sample might be biased to- 
wards the youngest IR-excess objects. 

Our VIMOS spectroscopic survey was designed to in- 
clude not only IR-excess YSO candidates, but also PMS 
candidates that may or may not have IR excess. The VI- 
MOS sample is thus unbiased towards IR excess and hence, 
can be used to investigate how many of the oldest PMS 
stars have eventually preserved their disks. Of the 23 PMS 
stars, there are 16 (i.e. ~ 70%) with an age t ^ 3 Myr. 
Of these, 10 posses strong IR-excess, indicative of an op- 
tically thick circumstellar accretion disk (see Fig. [7]). Like- 
wise, from Figure [6] we find that 7 out of 13 objects with 
t ^ 3 Myr show strong IR-excess and hence, should possess 
an optically thick d i sk acc ording to the IR-colour criterium 
by iRobitaille et al] (|2006l ). These results would also indi- 
cate that a significant fraction of the oldest PMS stars in 
Sh 2-284 have preserved their accretion disks, despite the 
low-metallicity environment. The number statistics of our 
sample is low, but should this result be confirmed with fur- 
ther spectroscopic observations, it will imply that disk sur- 
vival may not only depend on metallicity, but also on other 
environmental physical conditions and/or the properties of 
the central objects. 

Assuming that all Class II sources eventually evolve 
into Class III sou rces when the i r disk s are fully accreted 
by the PMS stars, iBertout et al.l (|2007f l estimated that the 
disk lifetimes for the Taurus- Auriga PMS population should 
be given by Uisk = 4 x (M*/M ) - 75 Myr. This means that 
the disk of a 0.5 Mq Taurus- Auriga star survives ~2 Myr, 
on the average. Though applicable to solar metallicity stars, 
such relationship would imply an average disk-lifetime of the 
order of 5.5 Myr for the average ~1.5M© star in our PMS 
sample, i.e. rather consistent with the average age of 5.3 Myr 
drawn from the HR diagram. However, our sample is not 
complete specially in the low-mass regime and hence, may 
be biased t owards massive PMS stars. In addition, the rela- 
tionship bv lBertout et al.l (|2007l ) was derived for young stars 
with masses sensibly lower than those in Sh-2-284. Hence, 
these results should be taken with care. In any case, a com- 
plete spectroscopic survey of the region, down to about 0.3 
Mq, is crucial to investigate the disk survival in the region. 
This calls for a more complete spectroscopic survey. 



5 CONCLUSIONS 

Through VIMOSOVLT, 2MASS and Sptizer data we have 
investigated the low-metallicity star forming region Sh 2- 
284. On the basis of Ha emission, IR excess, as well as of 
IR colour-magnitude and colour-colour diagrams, we iden- 
tified 23 new PMS stars in the region. We have character- 
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ized the star sample by determining the PMS stellar phys- 
ical parameters. The IR properties of these stars and the 
Spitzer/IRAC selected YSO candidates by P09 are similar 
in many respects, but the latter sample is biased towards 
IR-excess objects. 

By detailed spectroscopic parallax of three OB stars in 
the region we have estimated a distance of 4 Kpc for Sh 
2-284. 

The PMS stars found in the field of view of Dolidze 25 
have an average age of 2 Myr, i.e. younger than the objects 
in the other aggregates of the region, in agreement with the 
results from the number ratio of Class I-to-Class II sources 
by P09 throughout the region. The age spread of the PMS, 
their spatial distribution and the cloud structure of Sh 2- 
284 suggest a sequence of star formation events, hence, that 
triggered star formation is in act in the region, with the 
massive stars of Dolidze 25 being the main triggers of the 
Bl shell. All this supports the idea of a possible alignment 
of the very young stars in the line of sight, which are located 
on the near-side of t he Bl shell, as suggested by P09 and 
iDelgado et all i|2010l ). 

Despite the low-metallicity environment, a significant 
fraction of the oldest PMS stars in Sh 2-284 have preserved 
their accretion disks/envelopes. Although this result may 
be affected by the poor statistics of our spectroscopic sam- 
ple, the large number of Class I and Class II sources in the 
different aggregates and their apparent age spread in the 
colour-magnitude diagrams seems to support it. 

Among the 23 discovered young stars in Sh 2-284, we 
selected 8 with intermediate mass that are very good can- 
didates for PMS S Scuti type pulsation. These stars will 
be studied with asteroseismological techniques from the 
ground. 
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Table 2. Photometry of PMS stars in Sh 2-284. In the first column the 2MASS identification is given. D25 id indicates that the object is 
not in 2MASS; the second and third columns list the right ascension and declination as given by the 2MASS catalogue; in the fourth and 
fifth columns the B and V magnitudes, as extracted from the EXOdat catalogue, are reported; the sixth and seventh columns list the _R 
and / magnitudes as measured from our VIMOS observations; in the eighth, ninth and tenth columns, the J, H and K magnitudes, as 
extracted from the 2MASS catalogue, are reported; the last four columns report the magnitudes in the four IRAC bands (P09). 



id 1 a (J2000) <S (J2000) B V R I J H K [3.6] [4.5] [5.8] [8] 



J06443291+0023546 


06 


44 


32. 


93 


+00 


23 


54 


.9 


19 


.53 


17 


7!) 


17 


.02 


15. 


7(1 


13 


39 


12. 


11 


11 


.22 


10 


01 


9. 


48 


8. 


(17 


7.82 


J06443294+0010528 


06 


44 


32. 


94 


+00 


10 


52 


.8 










18 


21 


17 


07 


14 


.01 


13 


12 


12 


.23 


11. 


21 


10 


44 


9. 


85 


8.89 


J06443541+0019093 


06 


44 


35. 


40 


+00 


19 


09 


.5 


19 


.87 


18 


37 


17 


.40 


16. 


35 


14 


74 


13. 


.96 


13 


.52 


13. 


36 


13 


21) 


12 


1)1 


12.72 


J06443682+0016186 


06 


44 


36 


82 


+00 


16 


18 


.3 


18 


.22 


17 


30 


1(1 


.98 


16. 


32 


14 


.58 


13. 


83 


13 


.03 


11. 


89 


11 


.37 


10 


.1)4 


10.19 


J06443788+0021509 


06 


44 


37. 


89 


+00 


21 


50 


.9 


18 


33 


16. 


96 


1(1 


.30 


15. 


35 


13 


.87 


13. 


22 


12 


99 


12. 


97 


12 


.83 


12 


.117 


- 


J06443827+0019229 


06 


44 


38. 


26 


+00 


19 


23 


.1 


18 


.27 


17. 


53 


17 


.08 


16. 


46 


15 


31 


14. 


.61 


13 


.85 


12. 


85 


12 


39 


12 


.0(1 


11.60 


.706444496+0019335 


06 


44 


44 


95 


+00 


19 


33 


.7 


19 


70 


18 


23 


17 


.26 


16. 


2(1 


14 


.83 


13. 


96 


13 


.48 


12. 


81 


12 


.55 


12 


.04 


11.23 


D25 J06444602+0019182 


06 


44 


46 


02 


+00 


19 


18 


.2 










21 


.85 


11) 


98 














15 


71 


15 


.57 








D25 J06444714+0013320 


06 


44 


47 


14 


+00 


13 


32 


.0 


2(1 


.79 


19 


38 


18 


.51 


17 


33 














13. 


64 


13 


15 


12 


72 


11.82 


J06444936+0020245 


06 


44 


49. 


39 


+00 


20 


24 


.8 


19 


.90 


18 


63 


17 


1)7 
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21 


15 


71) 


14. 


77 


14 


.00 
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01 


12 


31 


11 


.08 


10.13 
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45 


00 


75 


+00 


13 


35 


.6 










20 


24 


18 


86 


16 


27 
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31 
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06 


13 


.73 


13 


.4(1 


12.67 
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45 


02 


09 
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19 
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17 


18 
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.56 
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77 


14 
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14. 


13 


13 


84 
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06 


12 


39 


11 


.4(1 


9.81 
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45 


02 


75 
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18 


07 


.7 


2(1 


.86 


19 


18 


18 


.11(1 
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54 


15 


36 


14. 


.51 


13 


.77 
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01 


12 


.35 


11 


69 


10.67 
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45 


06 


81 
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13 


53 


.5 
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01 


16. 


82 


1(1 


.17 
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96 
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11 
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.38 


11. 


86 


11 


42 


10 
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15 


12. 
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33 


12 


33 






8.07 
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08 
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.28 
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.59 


13. 


37 


11 


.73 


12. 


05 
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17 
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09 
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18 


05 


17 


54 
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11. 


96 
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.60 


9. 


13 


8.98 
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18 
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63 
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14 
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45 
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70 
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17 
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45 
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36 
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69 
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J06452774+0015514 
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45 


27 


74 
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15 


51 


.5 










20 


.22 


18 


93 


16 


.75 
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73 


15 
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26 


13 
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J06451118+0011402 


06 


45 


11 


19 
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11 
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21 
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67 
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15 
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J06453567+0018473 
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45 
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70 
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18 
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61 


15 


1)0 
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31 


15 
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Table 3. Photometry of field stars in Sh 2-284 that show emission in the Ha line. 



id 1 a (J2000) S (J2000) B V R I J H K [3.6] [4.5] [5.8] [8] 



.106445227+0014300 


0(1 


44 
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+00 
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30.0 
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17.39 
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12.41 


12.20 


12.18 
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44 
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21 


19.0 


20 


.98 


19.24 


18.05 


15.94 


14.09 


13.48 


13.14 
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08 


13.4 








19.90 


18.27 


16.59 


15.80 


15.41 


15.44 
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Table 4. Summary of spectroscopic information and physi cal parameters for PM S stars. The errors on the visual extinction are in 
average of a tenth percent using the extinction law given in ICardelli et all (|l989h . The error on the temperature comes from the one 
spectral sub-class uncertainty on spectral classification. The error in luminosity is dominated by the uncertainty in distance, which is 
of the order of 10 %. For each star we assumed a distance of 4.0 Kpc. The error in mass and age is half the separation between two 
consecutive tracks and isochrones, respectively. In the last column some notes are given. 



id 


SpT 


EW(H„) 


EW(Ca 1+ Fe I ) 


EW(Na I) 


Av 


log T eff 


log Lbc/Lq 


Mass 


age 


Notes 






[A] 


[A] 


[A] 


(mag) 






(M ) 


(Myr) 




J06443291+0023546 


F0V 


-23.80 ± 0.40 


1.40+0.10 


3.30±0.20 


3.10 


3.860 


1.27 


1.8 


4.0 


1, 3 


J06443294+0010528 


F4V 


-139.28 ± 1.23 


noise 


1.70±0.23 


3.64 


3.809 


1.11 


1.6 


4.0 


1, 3, 7 


J06443541+0019093 


F2V 


-4.20 ± 0.20 


1.45+0.05 


2.70±0.15 


3.00 


3.831 


1.00 


1.(1 


6.0 


1, 5 


J06443682+0016186 


A8V 


-8.40 ± 0.20 


0.00+0.12 


2.32±0.20 


1.90 


3.880 


0.98 


1.4 


8.0 


1. 2 


J06443788+0021509 


F0V 


-2.80 ± 0.10 


0.70+0.10 


2.25±0.10 


2.28 


3.857 


1.27 


l.S 


4.0 


1, 5 


J06443827+0019229 


F2V 


-11.70 ± 0.25 


0.06+0.02 


1.60±0.10 


1.30 


3.831 


0.66 


1.2 


10.0 


3, 5 


J06444496+0019335 


F8V 


-8.80 ± 0.15 


1.48+0.05 


2.12±0.20 


2.52 


3.781 


0.88 


1.(1 


4.0 


5 


D25 .106444602+0019182 


GOV 


-73.20 ± 0.90 


noise 


noise 


5.63 


3.770 


0.70 


1.(1 


5.0 


5 


D25 J06444714+0013320 


K2V 


-20.50 ± 0.50 


3.70+0.20 


3.60±0.20 


2.15 


3.680 


0.36 


1.0 


1.5 


3, 4 


J06444936+0020245 


G5V 


-14.87 ± 0.30 


2.62+0.10 


3.50±0.20 


1.70 


3.747 


0.42 


1.2 


5.0 


5 


J06450075+0013356 


K0V 


-31.69 ± 0.50 




3.54±0.30 


1.89 


3.690 


0.28 


1.2 


2.0 


4 


J06450208+0019443 


A5V 


-8.05 ± 0.10 


0.56+0.05 


1.95±0.15 


2.44 


3.914 


1.27 


l.S 


5.0 


2 


J06450274+0018077 


F3V 


—33.70 ± 0.25 


1.30+0.15 


2.50±0.23 


3.14 


3.840 


0.74 


1.2 


10.0 


1, 3 


J06450681+0013535 


GOV 


-1.90 ± 0.10 


0.00+0.20 


2.00±0.10 


2.00 


3.770 


1.25 


2.3 


1.5 


2, 4 




A5V 


-14.00 ± 0.20 




9 on _L n oil 


2.11 


3.910 


1.83 


2.(1 


2.0 


4 


J06451318+0018307 


GOV 


-40.50 ± 0.50 






2.64 


3.770 


0.29 


1.0 


10.0 


3 


J06451616+0022238 


F3V 


-5.30 ± 0.25 


n ^-i-n i n 
u. ooztu. 1U 


o.l f ztU. oU 




3.840 


0.53 


1.2 


12.5 


1, 6 


J06451701+0022077 


A0V 


-10.30 ± 0.40 


n nn-J-n i n 


i KiR-l-n on 


3 82 


3.980 


1.48 


2.0 


4.0 


6 


J06451727+0023454 


F2V 


-16.58 ± 0.30 


n '41 -r-fl OR 

u. oxznu.uo 


9 ^n-r-o on 
z . ouznu. zu 


2 09 


3.831 


1.00 


1.(1 


6.0 


1, 3, 6 


J06451841+0022189 


G4V 


-5.20 ± 0.30 


o nR4-n i n 


n 7A_|_n r\K 




3.750 


0.19 


1.0 


10.0 


6 


J06452454+0022448 


G8V 


-21.18 ± 0.25 


z . ZUztU. oU 




2 33 


3.727 


0.75 


1.8 


1.5 


(1 


D25 J06452476+0013360 




-30.50 ± 0.30 
















4 


J06452774+0015514 


K4V 


-29.00 ± 1.30 






2.77 


3.638 


0.06 


0.7 


1.5 


2 


J06451118+0011402 


M1V 


-3.88 ± 0.12 


noise 


7.40+0.34 


0.17 


3.566 


-0.42 


0.3 


2.0 


Potential PMS, 4 


J06453567+0018473 


K7V 


-3.20 ± 0.05 


2.79±0.10 


6.00+0.15 


0.21 


3.610 


-0.20 


0.4 


2.0 


Potential PMS, 6 


*For this star we obtained 


a spectrum with the BFOSC i 


nstrumcnt at the 1.5 


m Tel. at the 


Loiano 


Observatory ( http:/ / www. bo. astro. it /l 


oiano/index.htm 1 , 


using grism #4 with an exposure of 20 minutes. 


















PMS <5 Scuti candidates. 






















2 Object matching Class I 


source in POO. 


















Object matching Class II source in 


P09. 


















4 Star member of Dolidzc 


25. 




















^ Star member of C12 (see 


definition 


in P09). 


















® Star member of RN (sec 


definition 


in P09). 


















^ Star member of RW (sec 


definition 


in P09). 


















Table 5. Physical parameters of Field stars with 


emission in the Ha line. Columns are the same 


as in Table 3. 








id 


SpT 


EW(H Q ) 


EW(Ca 1+ Fc I ) 


BW(Na I) 


Av 


log T otf 


logL BC /L 


Mass 


age 


Notes 






[A] 


[A] 


[A] 


(mag; 


1 


(M ) 


(Myr) 




J06445227+0014300 


M2.5V 


-5.10 ± 0.23 


2.39±0.13 


10.00+0.67 


0.00 


3.519 








Dmc 


J06445433+0021190 


M4.5V 


-20.71 ± 0.34 


1.22±0.40 


3.20+0.34 


0.36 


3.482 








Dmc 


J06450151+0008493 


M2.5V 


-7.20 ± 0.10 


1.15±0.30 


5.25+0.20 


0.00 


3.547 








Dmc 


D25 06452246+0015408 


M4V 


-8.22 ± 0.23 


noise 


noise 


0.00 


3.510 








Dmc 


J06453429+0022261 


M2V 


-1.58 ± 0.23 


2.37±0.21 


8.79+0.23 


0.00 


3.510 








Dmc 


J06453550+0024158 


M2V 


-11.90 ± 0.25 




9.00+0.20 


1.29 


3.550 








Dmc 


J06453643+0011254 


M3.5V 


-3.90 ± 0.23 


2.54±0.20 


8.95+0.40 


0.00 


3.506 








Dmc 


D25 J06454297+0011461 


M4V 


-9.15 ± 0.15 


3.89±0.40 


4.01+0.80 


0.00 


3.510 








Dmc 


J06454948+0011347 


M4V 


-0.18 ± 0.10 






0.00 


3.493 








Dmc 


J06455486+0008134 


M2V 


-8.50 ± 0.20 




2.89+0.20 


0.52 


3.550 








Dmc 
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